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INTRODUCTION
During the last two decades, a number of stress-strain constitutive models (called viscoplastic models) have emerged. The motivation in the development of these models has been to incorporate observed high-temperature plasticity and creep .interactions. This is achieved by treating all the inelastic strain (plastic, creep, relaxation, etc.) as a single unified quantity, and thus automatically including any interactions among them.
. 
FREED'S VISCOPLASTIC MODEL
Following the general mathematical structure adopted by the majority of viscoplastic models, Freed's model also incorporates two internal state variables, namely, a back stress and a drag strength. The tensorial valued back stress accounts for strain-induced or kinematic hardening, whereas isotropic hardening in the model is introduced via scalar valued drag strength. A small strain and a small displacement formulation are employed.
It is assumed that there is no explicit coupling between the static and dynamic recovery terms in an evolutionary equation for the internal state.
This imparts a simpler mathematical framework for the model. 
Here e denotes the strain, and a dot over a symbol indicates its derivative with respect to time t.
The material is assumed to be isotropic, and Hooke's law is used to relate the elastic strain rate to the stress rate . .; that is,
where E is Young's modulus, v is Poisson's ratio, and Sjj is the Kronecker delta. Following Einstein's summation convention, the repeated subscripts in equation (2) and elsewhere imply summation.
The deviatoric stress Sjj has the expression
With the back stress denoted by Bj, the effective stress Eij is defined as ii (4) i i
ii 
Here D denotes the drag strength.
Evolutionary Laws
The differential equations governing the growth of the internal state variables (i.e., the back stress Bij and the drag strength D) are
and '2 D=h--er(G) (12) R(G) ;
-
where S and. Do are material constants. The predicted and experimental hysteresis loops for the in-phase and outof-phase loadings are depicted in Figures 6 and 7 , respectively. The strain range for these loops is 0.8 percent and the strain rate is 1.5x10-5 /sec. By comparing these figures, it is found that the calculated loops overpredict the stress actually seen in the experiments, especially at the cold end of the cycle. In general, however, the agreement between the experimental and predicted loops is good. This overprediction of stress at the cold ends is inherent in the model, and is also seen in the results of Reference 1.
Multiaxial Cowl Lip Problem
The steady-state temperature distribution in the cowl lip, obtained from
Melis and Gladden7 , is depicted in Figure 7 . The highest temperatures are found to occur along the leading edge. A linear interpolation technique was employed to estimate the transient temperature distribution in the cowl lip.
The temperature values thus obtained were used to perform time-dependent inelastic stress analyses.
To assess the advantages offered by more realistic elastic-viscoplastic analysis, it is appropriate to reproduce some earlier results from elastic, 
ADAPTABILITY OF SOLUTION TECHNOLOGY FOR OTHER VISCOPLASTIC MODELS
The versatility of the finite-element-based solution technology developed during the present work for other viscoplastic models was also investigated.
It is very encouraging to note that the solution technology easily adapts itself for use with other models. As an example, the cowl lip problem was also 
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